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In the beginning .....

* 1984 NASA formed instrument panels to develop science
requirements and sensor concepts for each facility sensor — the
MODIS concept called for two instruments MODIS Nadir (Land
surface) and MODIS Tilt (Ocean color)

 MODIS-N was a conventional imaging filter radiometer with 35 spectral bands

* MODIS-T was a 64-band imaging spectrometer capable of tilting fore and aft
to avoid sun-glint from the ocean’s surface









MODIS Instrument Panel Meeting, October 1984

Marv Maxwell (GSFC)
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MODIS-N Specification for a Phase-B Study
11/7/86
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GSFC EOS Organization July 1990
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The MODIS Science Team - 1990



* 1991 EOS restructuring > MODIS-T was discontinued > to partially
compensate and obtain better capability to monitor the temporal
variability of clouds and land cover conditions, it was decided that the
MODIS would fly in both a mid-morning descending and a

mid-afternoon ascending orbit, thereby avoiding sunglint and enabling
global coverage without tilting the sensor.

* 1991 Hughes/Santa Barbara Research Center (SBRC) selected for the
MODIS-N development

* Immediate revisit of challenging engineering requirements based on
engineering feasibility

Jack Engel 1991 SBRC
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Tom Pagano Oct }38&



Team Leader Computing Facility

Ed Masuoka / Al Fleig 1993



Product Peer Review Process

Land Products Reviewed in 4 Categories

- Level 1 products, radiances at sensor

- Surface Reflectance, BRDF Products

- Thermal Emissivity, Fire, Snow
Products

- Classification and Biophysical
Products

Each Category Assigned a Review
Leader and 2-3 Reviewers assigned for
each ATBD
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Modis Emergency Backup System (MEBS)
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The Beginning of MODAPS
(built on TLCF, MEBS)
June 1998



Coarse Resolution Satellite Time Series: MODIS

Terra Launch: Dec. 18, 1999 Aqua Launch: May 04, 2002
First Image: Feb. 24, 2000 First Image: June 26, 2002



Terra Launch



MODIS Science Team January 2001



Initial MODIS Land Team Emphases

ATBD / SCF Development

Algorithm Development and Testing, Initial Coding

Instrument Performance Evaluation

Algorithm revision/recoding

itial Code Delivery / Integration

duct Testing and Beta Generation > Provisional Distribution

ial PR and Outreach / Code Revision



MODIS Land Team - 2001 Post Launch

Science Team Members / Science Data Support Team / DAAC Reps



Standard MODIS Land Product Suite

Energy Balance Product Suite
* Surface Reflectance
* Land Surface Temperature, Emissivity
* BRDF/Albedo
* Snow/Sea-ice Cover

Vegetation Parameters Suite

* Vegetation Indices
* LAI/FPAR
* Gross and Net Primary Production

Land Cover/Land Use Suite
* Phenology
* Land Cover
* Vegetation Continuous Fields
* Active Fire
* Burned Area

https://modis-land.gsfc.nasa.gov/



https://modis-land.gsfc.nasa.gov/

QUALITY STATUS

Beta products

+»early release product, minimally validated and may still contain significant errors
+ available to allow users to gain familiarity with data formats and parameters
+» product is not appropriate as the basis for quantitative scientific publications

Provisional products

“»product quality may not be optimal

“»incremental product improvements are still occurring

“»general research community is encouraged to participate in the QA and validation of the
product, but need to be aware that product validation and QA are ongoing

s»users are urged to contact science team representatives prior to use of the data in publications

“»may be replaced in the archive when the validated product becomes available

Calli Jenkerson and Brad Reed (EDC DAAC)
TERRA WORKSHOP IGARSS JULY 2001 37



TERRA WORKSHOP

QUALITY STATUS

Surface Reflectance Provisional
BRDF/Albedo Provisional
Temperature/Emissivity Beta
Vegetation Indices Provisional
LAI/FPAR Provisional
Thermal Anomalies/Fire Provisional
Land Cover Beta

Calli Jenkerson and Brad Reed (EDC DAAC)

IGARSS JULY 2001

2001
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Land

Data LDO P E
Operational

Product

Evaluation

providing a leadership
role in establishing QA
as an integral part of
the data system

documenting product
quality leading to
algorithm updates

addressing product
dependencies

and establishing time
series QA record

2001 MODLAND - Roy, Devadiga et al.



MODIS Land Products: Browse (Day: 9/29/00) April 2001

TOA Visible Radiance
MODO02

Surface Reflectance
Daily MODO09

Snow Cover
Daily MOD10 L2

Surface Temp (Day)
Daily MOD11

Surface Temp (N)
Daily MOD11

Active Fire /Surface
Reflectance Daily

MOD14 w. MOD 09

Leaf Area Index
Daily MOD15A1

Fractional PAR
Daily MOD15A1

8-day Land Surface
Reflectance MODO09A1

16-day Enhanced Vegetation
Index MOD13A2

16-Day Nadir BRDF-Adj
Reflectance MOD43B4

16-day Shortwave Broad-
band White-Sky Albedo

MOD43B3

Modland/J.Descloitres



MODIS Known Issues Page

Devadiga



Land 250m Production System (2001-2003)



MODIS Rapid Response System (Dpescloitres, Giglio et al.)

Rationale
MODIS Radiance data availability: currently 2-10 days
MODIS Science products available no sooner than 60 days after acquisition
Need for a Rapid Response system with a few requirements:
Science products available within 12-24 hours (e.g., active fire detection)
Flexibility (products, geographic area)
Global coverage a plus
Portability a plus (e.g., for DB applications)

Approach
Hardware + People from the MODIS 250m Production System
Rapid response system prototyped with Active Fire Detection and Surface Reflectance products
Standalone science codes (L1B to L2) written from scratch
Active fire detection (L. Giglio)
Atmospheric correction for RGB imagery (J. Descloitres)
No ECS toolkit
LO to L1B processing using the IMAPP package developed for DB
Fire locations sent to UMd ArcSDE database server and web interface
RGB imagery made available for Rapid Response applications November 2001
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Land Atmosphere Near real time Capability for EOS

Algorithms Metrics EMS
> EConad EOSDIS Metrics System
_ >
Science Team QA Development, —> FIRMS
< > Imagery GIBS
I&T; ¢ Global Imagery Browse A
Production Services —> Worldview
Level Zero
Input Data > Metadata J CMR Earthdata A
Ancillary Common > Search
Metadata Repository
LANCE £
GOAL OF LANCE: Primary
Earthdata Authentication
Reliable Near-Real Login >
Time Data (NRT) < 3 hrs from Product
Observation. Archive Distribution
7-14 day Rolling https,subscription > Users
LANCE NRT data are
produced to meet the timely User Support,
needs of applications users. Services Notifications
8am-5pm weekdays




2001

« Land Validation Coordination
 PI Validation Plans
 Validation data collection protocol — BIGFOOT (Cohen)
« MODIS/EOS Land Core Sites

 High resolution acquisition (L7, Aster, Ikonos w/ SDP)
*Field Data coordination — w. ORNL — Mercury System
*Other correlative data e.g. ASTER, SeaWiFs
 Validation campaign support SAFARI 2000, LBA
e International Validation Program Representation

— CEOS Land Product Validation WG (w. Belward)

- Validation Stage 1-3

http://modis.gsfc.nasa.gov/MODIS/LAND/VAL/ MODLAND/Morisette/Privette



MODIS / VIIRS Land Team 2008




Evolution of ESDIS
and the ‘Land” DAACS — EDC, NSIDC, ORNL

Lowe 2010 2011



Modis Calibration Support Team -
Instrument Calibration

March 2023



Shifting MODIS Land Team Emphases

Algorithm Development and Testing, Initial Coding
Instrument Performance Evaluation — Algorithm revision/recoding
Product Testing and Beta Generation > Provisional Distribution
Initial PR and Outreach / Code Revision

Major Reprocessing > Product QA and Validation

1 Validated Product Distribution > Feedback
Incredased Outreach — Science/Application — Publications
Completioh.of Stage 3 Validation
Collection 6N5th) Reprocessing
Product Mai

enance > End of Life Planning

Decommissiohing Deliberations



MODLAND Summary (2023)

MODIS Terra launched Dec 18 1999

MODIS Aqua launched May 4 2002
* Kudos to the engineers and MCST

A suite of land products driven primarily by global modeling community
* SR, VI,BRDF/Albedo, Surface Temperature, LAI/FPAR, NPP, ET, Fire/Burned Area, Snow and Ice/MAIAC
* BRDF, LAI, Fire products rely on AM and PM observations
* Kudos to the MODLAND Team

Pl and LDOPE QA and Validation integral part of the land product activities
* Kudos to LDOPE

5 full record reprocessing of the data — C7 in planning
* Kudos to SDST, MODAPS

Efficient Data Dissemination and User Services — ESDIS, EDC, NSIDC, ORNL DAACs
* Kudos to LAADS, Science Teams and the ‘Land’ DAACs

Data also available via Google Earth Engine, AWS
MODIS instruments in the 2023 NASA Senior Review > the opportunity for Orbital Decay Science?

EOS Data Continuity Study underway. For Land:
* Aqua > VIIRS on SNPP, NOAA 20, NOAA 21 ..........
* Terra Continuity Analysis underway w. ESA Sentinel 3 (Devadiga, Vermote, Giglio)



NOAA moving beyond the AVHRR (1990)




Start of the NPOESS Era

Dec 1995
Feb 1997



2001

NPP Mission Characteristics

Joint mission between NASA & the Integrated Program Office (IPO)
providing:

The Visible Infrared Imaging Spectroradiometer Suite (VIIRS) extends the
measurement series initiated with the Moderate Resolution Imaging
Spectroradiometer (MODIS) on EOS Terra & Aqua
Design is evolutionary from MODIS
Murphy Feb. 2002

Launch in late 2005 (Western Test Range)

824 km polar sun-synchronous orbit
— 10:30 AM descending node
— Compatibility with EOS Terra (Similar Repeat, Crossing Time)

All data down-linked to polar ground station once per orbit & via
TDRSS

Continuous direct broadcast of all data at X-band
http://jointmission.gsfc.nasa.gov

o4




Satellite Transition Schedule

(9 March 2001)
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NPP SDS/NewDISS Retreat

* Informal retreat held in Manassas, VA on March 6-7, 2001
25 participants from NASA HQ, NASA GSFC, Science Community
* Science, Data Managers, Engineers, Program & Project Management

e Conveners: Mark Abbott, Dan DeVito, Martha Maiden, Bob Murphy

e Chair: Chris Justice

Objectives

* Develop an approach for the NASA production of NPP data sets
* Consistent with data sets from legacy systems
* Consistent into the NPOESS era

* Assess NewDISS objectives for SDS
* Assess the appropriateness of acquisition plan for the elements of SDS

* Discuss NPP Science Team issues



NPP launched — NASA VIIRS Science Team
selected

 NPP VIIRS launched Oct 28 2011
* 1.30pm Overpass

* NPOESS Preparatory experience — a bridge to JPSS

ROSES 2010 A.22 “NASA requests investigations to continue
the evaluation and improvement of NPP/NPOESS
Environmental Data Records (EDRs), to develop new

scientific approaches for extending key data records that
cannot be continued by NPP/NPOESS, and to demonstrate
applications of NPP data. ”

 NASA VIIRS Science Team formed in 2011 to evaluate NPP
EDR’s

* Named Soumi-NPP (S-NPP) in 2012
* First Science Team Meeting May 2012



S-NPP and JPSS Data Products From NOAA
available in real-time

VIIRS (24)

ALBEDO (SURFACE)

CLOUD BASE HEIGHT

CLOUD COVER/LAYERS

CLOUD EFFECTIVE PART SIZE

CLOUD OPTICAL THICKNESS

CLOUD TOP HEIGHT

CLOUD TOP PRESSURE

CLOUD TOP TEMPERATURE

ICE SURFACE TEMPERATURE

OCEAN COLOR/CHLOROPHYLL

SUSPENDED MATTER

VEGETATION INDEX, FRACTION,
HEALTH

AEROSOL OPTICAL THICKNESS

AEROSOL PARTICLE SIZE

ACTIVE FIRES

POLAR WINDS

IMAGERY

SEA ICE CHARACTERIZATION

SNOW COVER

SEA SURFACE TEMPERATURE

LAND SURFACE TEMP

SURFACE TYPE

CriS/ATMS (3)

ATM VERT MOIST PROFILE
ATM VERT TEMP PROFILE
CARBON (C02, CH4, CO)

ATMS (11)

CLOUD LIQUID WATER
PRECIPITATION RATE
PRECIPITABLE WATER

LAND SURFACE EMISSIVITY
ICE WATER PATH

LAND SURFACE TEMPERATURE
SEA ICE CONCENTRATION
SNOW COVER

SNOW WATER EQUIVALENT
ATM TEMPERATURE PROFILE
ATM MOISTURE PROFILE

Blue - currently available in CSPP

OMPS (2)

O3 TOTAL COLUMN
O3 NADIR PROFILE
S02 and Aerosol Index

GCOM AMSR-2 (11)

CLOUD LIQUID WATER
PRECIPITATION TYPE/RATE
PRECIPITABLE WATER

SEA SURFACE WINDS SPEED
SOIL MOISTURE

SNOW WATER EQUIVALENT
IMAGERY

SEA ICE CHARACTERIZATION
SNOW COVER/DEPTH

SEA SURFACE TEMPERATURE
SURFACE TYPE

Goldberg, Csiszar 2014



JPSS Program Status

Suomi NPP is producing outstanding data
The satellite is healthy and producing a high availability of data (~99.99%)

Operations of the satellite transferred from NASA to NOAA in 2013
Suomi NPP is the primary operational polar-orbiting satellite for NOAA

JPSS-1 is executing as planned
Instruments and spacecraft are proceeding well

Instruments are assembled and undergoing testing; two have been delivered for
integration

The spacecraft bus is built and undergoing testing

Development and implementation of the new ground data processing system are
underway

JPSS-2 procurement activities are progressing well
The VIIRS sensor is under contract and others are in evaluation

The spacecraft bus procurement is underway
Goldberg, Csiszar 2014

59 |



15t Suomi-NPP Land Workshop, GSFC Pec2014

It is now time for the Suomi NPP ST to direct its attention to developing the refined and/or alternative
data products yet needed to ensure high-quality data records for Earth system science and applications
that enable continuity with EOS data products (ROSES 2013 A.29)

e 3years after launch - we have the green light to generate and distribute NASA VIIRS
Land Science Products

* We have a very good instrument for land monitoring, which in some aspects is an
improvement over MODIS

 The MODIS land community has been integral to the development of the NOAA VIIRS

EDR’s and Validation
— In the case of SR and Active Fire the MODIS algorithms were used as the basis for the EDR’s

 EDR’s designed to meet the needs of NOAA’s operational user community (NWS, etc)
— Uptake of EDR’s by the land science community has been limited to date

* Goal now is to move quickly and efficiently to get a series of NASA VIIRS products out
to the community, providing ‘dynamic continuity’ with the MODIS land products



MODIS Research to VIIRS Operations

* JPSS-1/NOAA 20 launched Nov 18 2017, JPSS-2 Nov 10 2022

Both missions with PM overpass
Kudos to the IPO for pushing MODIS continuity

* S-NPP Radiometric Inter-comparisons with MODIS (MCST/VCST)

A suite of NOAA operational land products (EDR’s) driven primarily by NWS
* SR, LST, Albedo, VI, Green Veg Fraction, Veg Health, Surface Type, Active Fire
* IDPS > NDE
* Data from NOAA CLASS system

A suite of NASA VIIRS Science (CDR’s) products focused on MODIS Continuity
* SR, VI, BRDF/Albedo, LST, LAI/FPAR, Day Night Band, Active Fire, MAIAC

Kudos to the LandSIPS and LDOPE for helping transition MODIS>NPP>JPSS1 (NOAA 20)
continuity

* Pl and LDOPE QA - little to no new validation, intercomparisons with MODIS
* Data dissemination and user services — ESDIS: LAADS, EDC, NSIDC, DAACs

» Data processing of JPSS1 supported (V2 L1B) — LandSIPS dissemination via LAADS
e currently porting SNPP Land Code to JPSS1



“Goal: Earth System Data Records - Continuity (MODIS to V

Suomi NPP

Not an official fly-out chart

2018 19 20 21

NOAA-20

Dec

22 23 24 25 26 27 28 29 30 31 32 33 34 35 36

JPSS-2

adal $urvey Program

PFO/JPSS-3

of Record

PFO/IPSS-4

S 2038)”

Calendar year

PSS Program Office



2018 MODIS VIIRS ST Meeting LAND Break Out Discussion

e Suomi NPP VIIRS - “assessments” of continuity data nroducts (& new)

all VIIRS created equal (MODIS-T v. MODIS-A) if continuity to JPSS
e YES BUT ONCE TERRA IS GONE (2022) THEN SOME PRODUCTS WILL REQUIREE
M SOLUTION - S3A/B

« Does VIIRS have the capability to-produce-altr-MOGDBIS/EOS continuity data products?

If it does not, what is the solution?

e Ifit does, then great, but there may be challenges to producing a given product (no
PI to maintain/improve, time needed for assessment and continuity, etc.)
e YESIT DOES - SUGGEST THE OUTSTANDING NEEDS BE HIGHLIGHTED IN THE
NEXT ROUND
e Uncertainties associated with data products (more to come...)
— YES QUANTIFICATION SHOULD EXPECTED FOR ALL FULLY FUNDED PRODUCTS
— UNCERTAINTIES SHOULD BE POSTED FOR EACH PRODUCT

e NOAA Data products - different? Better? Worse? Funding?
— SOME ALGORITHMS (FIRE, SR) ARE THE SAME - DATA ACCESS DIFFERENT
— NOAA ANNUAL SURFACE TYPE TING BY LAND PI’S

G A FUNDED PARTNERSHIP WITH NOAA FOR JPSS 1 >4 FOKT
PRODUCTS AND DATA SERVICES TO MEET BOTH NOAA AND NASA NEEDS - WAS
PROPOSED. THERE WAS SOME SCEPTICISM THAT THIS COULD HAPPEN

NOAA MOVING TO ENTERPRISE ALGORITHM DEVELOPMENT (Common Co




Comparison of VIIRS, MODIS, METimage, Sentinel 3 SLSTR, OLCI,
VIIRS, and AVHRR/3 bands



Land Climate Data Record

Multi instrument/Multi sensor Science Quality Data Records used to quantify trends and changes

https://Itdr.modaps.eosdis.nasa.gov

NPP

J1

S3A

S3B

Vermote 2023

A Land Sentinel 3 AM Continuity Pilot underway — thanks to Kevin Murphy, Katie Baynes (NASA HQ) and

Karen Michael, Dawn Lowe, Jenny Hewson (GSFC) for their support



Thanks to the many, many people over the years who had the vision of an EOS and made
NASA’s MODIS such an Outstanding Success
and to those that enabled MODIS Land data contmwty with the VIIRS Instrument

2018

—_—

My apologies for any errors of omission, oversights
or misrepresentations of what really happened !

and in particular to Vince Salomonson for his commitment
and leadership of the MODIS Science Team



